An algorithm is proposed to convert the coarse-grained A-graft-B model of polylactic acid into the atomistic representation. In the A-graft-B model the atoms of the backbone are mapped onto A beads, which form the linear backbone of the coarse-grained macromolecule, the methyl groups are mapped onto B side pendants. The algorithm restores atomic positions based on positions of coarse-grained beads with the help of pre-defined chain fragments, called templates. The dimensions of the templates are adjusted by affine transformation to ensure coincidence of the backbone in coarse-grained and atomistic representation. The transition between coarse-grained and atomistic models conserves information about the fine structure of polymer chains. The restored configurations are suitable for further molecular-dynamic simulations. Both atomistic and coarse-grained representations require standard GROMACS software. The algorithm can be used for reverse mapping of other A-graft-B polymer models.
Introduction
Polylactic acid (PLA) is a biocompatible, biodegradable polymer which can be cheaply produced in industrial quantities from renewable resources [7] . To bring it on equal footing with the currently used petroleum-based plastics, its mechanical and barrier properties need to be tuned [2] . In pure PLA and in mixtures with its oligomers (OLA) these depend on stereosequence and molecular weight of the chains. Identical structure of the monomer units in short and long PLA chains complicates the experimental analysis of the materials and makes computer simulations an indispensable tool for their guided development. The simulations of deformation, diffusion, and crystallization require large timescales and determine the applicability of the multi-scale approach [4, 6] . The latter includes coarse-grained simulations using specially tailored models and requires efficient algorithms for switching between the coarse-grained and atomistic representations. In the previous paper [3] we proposed an A-graft-B coarse-grained model of PLA, with each monomer unit represented by an A-B dumbbell. The assignment of separate side pendant for the methyl group allowed explicit treatment of the PLA stereosequence. The macroscopic and microscopic properties of the systems calculated using the coarse-grained model closely resemble those calculated using atomistic simulations for both polymer and oligomer melt in a wide range of temperatures [3] .
A-graft-B Model
The mapping scheme of the coarse-grained model [3] is shown in Fig. 1 . It determines the mutual correspondence of atom groups and coarse-grained beads. The atoms of the backbone, including the attached hydrogens and ester groups, are mapped onto A beads, which form the linear backbone of the coarse-grained macromolecule. Each methyl group is mapped onto a B bead, which is connected to the A bead as side pendant. To make the A beads closer to the The extra atoms at the ends of the chains are incorporated into the terminal A beads. The latter are assigned special types AS (start) and AE (end). The force-field of the coarse-grained model was derived to fit the parameters of atomistic simulations of OLA melt [5] . The simulations using the coarse-grained model were performed using an unmodified version of GROMACS [1] on "Lomonosov-2" supercomputer [8] . It was shown [3] that the coarse-grained model provides a 17-fold speedup compared with atomistic calculations.
Reverse Mapping

Structure Restoration
The atomistic structure was restored based on positions of coarse-grained beads with the help of monomer-scale structure fragments (templates). The templates included atomic coordinates and the positions of A and B coarse-grained beads calculated as centers of masses of the corresponding atoms according to the forward mapping procedure [3] . The templates for the start, middle, and end monomer units are shown in Fig. 2 . The starting template also included the position of the next (second) coarse-grained A bead required for alignment of the atomistic structure. The reverse mapping was carried out for one chain at a time. For each of the chains, the restoration of the atomistic structure was performed sequentially and began with the start unit. The AS bead of the starting template (Fig. 2, left) was superimposed on AS bead of the coarse-grained configuration and served as a fixed anchor. The template was then rotated around AS bead so that the AS-A axis of the template was aligned with the corresponding axis of the coarse-grained configuration. The dimensions of the template were adjusted by affine transformation along the AS-A axis to ensure coincidence of A beads. After that, the template was rotated around the AS-A axis to orient the AS-B bond of the template in accordance to the AS-B bond of the coarse-grained configuration. As a result of the procedure, the positions of the atoms of the first monomer unit of PLA were established. The templates for middle and end monomer units additionally contained the carbon atom of the previous monomer unit (denoted as C3p). As the first step of monomer restoration, the C3p atom of the template was superposed directly onto the C3 (shown in green) atom of the previous, already restored monomer. The procedures described above for the start unit (fitting, affine transformation, and AS-B orientation) were repeated for all monomer units with C3p/C3 atom serving as an anchor. The procedure ensured positioning of coarse-grained A beads of the templates precisely at positions of A beads of the coarse-grained system and correct orientation of methyl groups. The algorithm was applied in turn for each of the macromolecules.
Eqilibration
The restored atomistic structures underwent steep descent energy minimization using GRO-MACS with a step size of 10 -5 to reduce the maximum force to 200 kJ/mol/nm. After that, the system was equilibrated in several steps first at constant volume and then at the constant pressure of 1 bar. The timestep of the molecular dynamics simulation was gradually increased from 10 -6 ps to 10 -3 ps. The total equilibration time of the system was around 100 ns.
Verification
To check the validity of the reverse mapping algorithm, we compared the macroscopic and microscopic parameters of the system containing 113 OLA molecules during atomistic and coarsegrained simulations. By the end of the equilibration the properties of the system, such as melt density, the energies of excluded volume and electrostatic interactions, as well as that of bonds, angles and dihedrals were within the margin of error of the corresponding values in the original atomistic simulation run. The gyration radius of the OLA chains, which was slightly different in the coarse-grained model, was restored to the original value observed in atomistic simulations (see Tab. 1). 
Conclusions
We completed the stack of algorithms for multiscale simulation of PLA by presenting a reverse mapping procedure for translation of coarse-grained A-graft-B model of PLA into atomistic representation. Both atomistic and coarse-grained representations require standard GROMACS software, and the simulations can be carried out in parallel on supercomputers. The equilibration time of the restored atomistic samples is 0.1 µs which is several orders of magnitude lower than the characteristic times of the processes which can be simulated in coarse-grained representation. The restored atomistic configurations are suitable for further molecular-dynamic simulations and detailed analysis.
